Background: Mothers often experience muscle soreness following labor and delivery; however, this has yet to be examined. Purpose: To determine the effects of resistance bands on maternal muscle soreness when performed during the second and third trimesters of pregnancy.
Introduction
The American Congress of Obstetricians and Gynecologists (ACOG) published the first physical activity guidelines during pregnancy in 1985 and have continually updated them currently recommending all healthy pregnant women perform at least 150 minutes of moderate-intensity aerobic activity every week [1] , which is the same activity recommendation for non-pregnant women. Similarly, resistance training is recommended by major health organizations for improving health in the general population [2] , however, no well-established guidelines exist regarding resistance training during pregnancy. For pregnant women, light resistance exercise training may be better tolerated than aerobic training [3] because of the ability to switch between machines and free weights to accommodate their changing bodies as pregnancy continues [4] . While there are no guidelines for resistance training d u r i n g p r e g n a n c y, e v i d e n c e i s m o u n t i n g demonstrating resistance bands are a safe and effective method of training such that there is no negative impact on infant birth weight and length [3] . Nevertheless, many women do not engage in resistance training frequently during pregnancy [4] . From anecdotal evidence, a common complaint after birth is muscle soreness, which is caused by maternal exertion from repeated and sustained contractions during labor and delivery. It is possible that resistance training during pregnancy may decrease potential muscle soreness following labor and delivery due to an increased ability of the muscles to perform repeated contractions. Thus, examining the relationship between resistance training and muscle soreness following delivery is worthy of more research. Presently, to the authors' knowledge, there is no research regarding muscle soreness following labor and delivery. Therefore, finding a way to mitigate a common complaint among pregnant women would have substantial clinical implications.
Furthermore, while some groups have examined the effects of resistance training during pregnancy, a limiting factor was adherence of attending group exercise sessions. Haakstad and Bø (2014) studied whether pelvic girdle and low back pain may be prevented or treated in pregnant women who participated in a twice weekly, 30 minute group fitness class along with 30 minutes of self-imposed moderate physical activity on the remaining weekdays [5] . Of the 52 women who were randomly placed into the exercise group, only 27% had 100% adherence and 40% had ≥80% adherence. The low adherence affected the power of the study which showed no statistically significant differences between groups regarding pelvic girdle and low back pain [5] . To our knowledge, no investigators have taken an approach in a randomized controlled trial in which the exercise intervention is limited in an effort to increase adherence and thus make it more practical. Thus, developing a practical exercise intervention may increase adherence of the participants.
Therefore, the purpose of this pilot study was to determine the effects of a practical intervention using resistance bands on maternal muscle soreness when performed during the second and third trimesters of pregnancy. It was hypothesized there would be a decrease in upper body muscle soreness and lower body muscle soreness post-birth in the exercise group when compared to women in the standard care group, while also demonstrating no retarded growth of the fetus or maternal labor/ delivery complications due to the training regimen.
Materials and Methods
This pilot study was a prospective, randomizedcontrolled trial conducted by Winona State University in collaboration with Winona Health, a local community healthcare facility in Winona, Minnesota, United States. Inclusion criteria were healthy patients under supervision of an obstetrical provider at Winona Health, aged 20 to 35 years with a noncomplicated singleton pregnancy, and approved by their obstetrical provider. Other inclusion criteria were women who spoke and read English, had a prepregnancy body mass index (BMI) less than 35kg/m2, and a gestational age of 12 to 25 weeks at time of recruitment. To recruit the largest sample size possible, both primiparous and multiparous women were included in this study. Exclusion criteria were any pregnancy complications that led to an early birth or if they had previously participated in resistance training (1x/week in the past 6 months). The Institutional Review Board at Winona State University and Winona Health reviewed and approved the study design and protocol.
Recruitment of Participants
Women were recruited at Winona Health via brochures/flyers as well as during their regularly scheduled prenatal visits. Women were informed about the purpose of the pilot study and provided written informed consent. Participation resulted in reimbursement for their time and dedication to the study in the form of a gift card. A rolling enrollment process was used.
Surveys
Once enrolled in the study, participants completed a pre-intervention survey which consisted of the Pregnancy Physical Activity Questionnaire (PPAQ) [6] , muscle soreness questions for upper and lower body [7, 8] , and demographic questions. Women completed the PPAQ for two separate time points, 1) prepregnancy physical activity levels and 2) current physical activity levels, which consisted of the time frame at which they were enrolled. The muscle soreness questions were based on a 1-10 Likert scale [7] ; the wording was, "Please choose a number that represents your overall LOWER BODY muscle soreness. (1 = normal, 10 = very, very sore.)" And "Please choose a number that represents your overall UPPER BODY muscle soreness. (1 = normal, 10 = very, very sore.)" To the investigators' knowledge, there are no validated instruments to determine muscle soreness during pregnancy, thus scales for muscle soreness that have been validated in the general population were used and a change score was calculated to minimize bias of the scale [7] . The pre-intervention survey was taken between 12 to 25 weeks' of gestation and included questions from the PPAQ regarding their prepregnancy activity levels and upper and lower body muscle soreness. Once the pre-intervention survey was completed, women were randomly assigned, via a computer-generated randomization process, to either the exercise group or standard care group. Randomization to either group occurred after the pre-intervention survey to ensure results were not influenced by group assignment. Lastly, women completed a post-birth survey, within 12-72 hours after delivery consisting of the same 2 questions regarding upper and lower body muscle soreness.
Standard Care (Control) Group Women in the standard care (control) group reviewed the American Congress of Obstetricians and Gynecologists guidelines (2011) with their healthcare provider for physical activity and the women were not discouraged from exercising on their own. This group's participation was solely based on completion of the pre-intervention and post-birth surveys.
Exercise Group
Women in the exercise group received the same counseling regarding exercise in pregnancy recommendations from their healthcare provider. In addition, they performed 3 resistance band training sessions each week for approximately 15 weeks at a somewhat hard intensity (5-6 on a 1-10 Ratings of Perceived Exertion (RPE) scale). The resistance band training sessions started between 22 to 25 weeks' gestational age and ended upon birth (~37-40 weeks gestation). To optimize the practicality of the intervention well-trained co-investigators ("trainers") supervised only one of the sessions to teach appropriate technique, breathing patterns, and modifications that were needed as the pregnancy progressed. Each trainer was responsible for talking with the women to determine the appropriate intensity based off the RPE scale that included both numeric values and pictures associated with intensity level. The other 2 sessions were completed independently by the participant at a location of their choosing (which was most commonly their home). Women were contacted by their trainer via phone call or text message weekly to ensure adherence and to answer any questions regarding the exercise program. Theraband® resistance bands were used in three different colors (yellow, red, and green) to represent increasing levels of difficulty. The women followed the exercise program listed in Table  1 . Progressions and modifications occurred on an individual basis to maintain an RPE of 5-6. Maternal weight gain (kg) was acquired from medical records and calculated by subtracting the mother's prepregnancy weight by the weight taken at her last prenatal appointment. Upper and lower body muscle soreness post-birth were determined by the mother completing the survey. A change score for upper and lower body muscle soreness was calculated by taking the pre-intervention score and subtracting the postbirth score (i.e., pre minus post).
Birth outcomes
Gestational age at birth (days), length of second stage of labor (min), length of maternal effort (i.e., amount of time of pushing), and mode of birth were acquired from medical records. Gestational age was calculated by summing the total days the woman was pregnant. Length of maternal effort was calculated from the time the woman began pushing until she gave birth. The second stage of labor was calculated from the time the woman's cervix was dilated to 10 centimeters until she gave birth. The mode of birth was categorized into 3 groups: vaginal (spontaneous or operative), unscheduled cesarean section, and scheduled cesarean section.
Newborn outcomes
Newborn weight (kg), length (cm), Apgar scores at one and 5 minutes, and maternal parity were acquired from medical records.
Statistical Analyses
Descriptive statistics were used to describe the sample, which included maternal age, ethnicity, education level, marital status, income, parity, previous physical activity, current physical activity, and prepregnancy BMI. One-tailed independent ttests were used to analyze all maternal outcomes and differences in length of second stage of labor and length of maternal effort. A two-tailed independent t-test was used to analyze the difference between gestational age at birth. A chisquare test was used to compare mode of birth. Twotailed independent t-tests were used to analyze all newborn outcomes. All statistical analyses were completed using the Statistical Package for Social Science (SPSS) 23 and the level of statistical significance was set to p ≤.05.
Results
Thirty-one women were enrolled in the pilot study, however, 5 women dropped out, and one woman from the standard care group was excluded from analysis due to the fact she delivered at another facility, leaving a total sample size of 25. Among the dropouts in the standard care group (n = 2), one woman changed obstetrical providers and the other did not complete anything beyond the preintervention survey. The remaining 3 women were randomized to the exercise group and dropped out before they began their first exercise session. Of the 25 women who completed the study, 12 were randomly assigned to the exercise group and 13 were randomly assigned to the standard care group. There were no significant differences in demographic characteristics, prepregnancy or current physical activity levels, and pre-intervention upper and lower body muscle soreness between the exercise group and the standard care group as shown in Table 2 . 
Maternal Outcomes
There was no statistically significant difference in maternal weight gain between the exercise and standard care groups (Table 3) . On average, the women gained 13.9 ± 5.9 kg and 12.0 ± 5.6 kg in the exercise and standard care groups, respectively. Figure 1 ). While the mean change values for upper body muscle soreness post-birth were in the expected direction, there was no statistical significance found between the groups (p = .30). No statistically significant difference in change score was found between the exercise and standard care groups, P = .30, however, the mean values were in the expected direction.
Likewise, there was no statistically significant difference between the exercise and standard care groups for the change in lower body muscle soreness post-birth (p = .14) as seen in (Figure 2) . While the mean change values for lower body muscle soreness post-birth were in the expected direction, there was no statistical significance found between the groups (p = .13).
Figure 2. Change in Lower Body Muscle Soreness Post-Birth in
Exercise and Standard Care Groups. Mean lower body muscle soreness scores (1= normal and 10= very, very sore) for the exercise and standard care groups. The change score was calculated by subtracting the pre-intervention score by the post-birth score. No statistically significant difference in change score was found between the exercise and standard care groups, P = .13, however, the mean values were in the expected direction.
Birth Outcomes
There were no statistically significant differences for gestational age at birth (p = .60), length of maternal effort (p =.94), or length of second stage of labor (p = .94) between the exercise and standard care groups (Table 4) . However, there was a higher percentage of vaginal births in the exercise group (91.7%, n = 11) compared to the standard care group (61.5%, n = 8), a difference of 30.2%, which was statistically significant (p = .05). Additionally, there were no unscheduled cesarean births in the exercise group, while there were 4 (30.8%) in the standard care group. 
Newborn Outcomes
There were no significant differences found between the exercise and standard care groups for newborn weight (p = .13), newborn length (p = .35), Apgar score at one minute (p = .64), and Apgar score at 5 minutes (p = .86) ( Table 5 ). 
Discussion
Due to the absence of research regarding muscle soreness following labor and delivery, more research is necessary. Thus, the purpose of this pilot study was to determine the effects of a limited intervention using resistance bands on maternal muscle soreness when performed during the second and third trimesters of pregnancy. The main finding was that resistance band training during the second and third trimesters did not reduce upper or lower body muscle soreness, however, the mean values were in the expected direction. In addition, it was found that the exercise group had an increased likelihood of having a vaginal birth, while not negatively affecting the growth of the fetus. Lastly, limiting the amount of intervention resulted in a high adherence rate to the program, which is clinically important to keep women active throughout pregnancy.
Maternal Outcomes
There was no statistically significant difference found in maternal weight gain between the two groups, which supported the hypothesis. Thus, training with resistance bands did not negatively affect weight gain in the women in the exercise group.
It was hypothesized that there would be a reduction in upper body muscle soreness post-birth because the women in the exercise group performed resistance exercises using muscles that would be used during delivery. While not statistically significant, the results supported the hypothesis in that the mean values were in the expected direction. Exercises were specifically chosen (Table 1) based on muscle groups commonly used during labor and delivery. One potential reason that no significant difference was found could be that the intensity was not high enough. The women performed the resistance exercises at an RPE of 5-6 (somewhat hard), however, women push at a near-maximal level during labor and delivery, thus the intensity may have been too low to have a significant effect. Further, some women progressed through all of the given band intensities originally prescribed and thus they started using two bands at once (i.e., red and yellow) to increase the intensity. Thus, while the resistance was to be "somewhat hard," throughout the entire program, many may have benefitted from more intense band levels as they were not able to reach a "somewhat hard" intensity given the colors provided.
Another reason that there was no significant difference could be that women performed dynamic exercises rather than isometric exercises. We chose to implement dynamic exercises for two main reasons, 1) dynamic exercises serve a more functional purpose for activities of daily living and 2) isometric exercises, if not performed correctly, often lead to improper breathing patterns (i.e., Valsalva maneuver). During labor and delivery, the women underwent a series of sustained and repeated isometric contractions, thus, dynamic exercises may not have been as beneficial as isometric exercises. While this was taken into consideration when developing the program, we did not think it was safe to encourage women to perform isometric exercises for fear of improper breathing techniques, thus reducing oxygen to the fetus, especially during the independent sessions. Therefore, it is possible that increasing the intensity and/or switching the type of muscle action may affect upper body muscle soreness more after birth.
It was hypothesized there would be a reduction in lower body muscle soreness because the muscles used during resistance training would be used during delivery. The mean change score in lower body muscle soreness did not show a statistically significant difference, but the mean change scores were in the expected direction. Women in the exercise group experienced a mean change in lower body soreness of -0.50 and women in the standard care group experienced a mean change of -1.80. Therefore, both groups experienced an increase in lower body muscle soreness following birth; however, on average, the exercise group experienced less lower body muscle soreness following birth than the standard care group. As stated above, a lack of statistical significance may be due to the intensity of the program and/or type of muscle action However, this is the first pilot study examining muscle soreness post-birth and thus it is important to confirm these results in a larger and more diverse sample.
Birth Outcomes
When comparing the exercise and standard care groups, there was no statistically significant difference in gestational age at birth, which supported the hypothesis. These results were corroborated by other studies that found similar results with similar training programs [8] [9] [10] . One such example was women who performed three training sessions per week for 35 minutes of resistance training and toning exercises. There was no statistically significant difference in gestational age between the training and control groups [9] . Because no significant differences were observed, this demonstrates that resistance-training programs, of this type and intensity, do not negatively affect the growth of the fetus or lead to premature deliveries, which is a clinically relevant finding.
There were also no statistically significant differences between the groups in length of maternal effort (i.e., amount of time pushing) and length of second stage of labor which did not support the hypotheses. It was expected that the women in the exercise group would have gained muscular strength and thus be able to push harder leading to a shorter delivery time. While contradictory to our hypotheses, these results are supported by a study conducted by Barakat et al. and colleagues in which women performed light to moderate toning and resistance training exercises 3 times per week and found no difference between exercise and control groups for mean dilation, expulsion, and childbirth time [11] . Both the current study and the study completed by Barakat et al. and colleagues had a light to moderate intensity resistance training program completed three times per week. Perhaps the intensity of the current program did not create a large enough stimulus to affect length of maternal effort. In addition, the majority of the women in the standard care group did not reach the second stage of labor because they went into a cesarean birth, making comparisons difficult.
Lastly, it was found that when comparing mode of birth, the exercise group had significantly more vaginal births than the standard care group (p = .05), which supported the hypothesis. To emphasize this finding, there were zero women in the exercise group who went into an unscheduled cesarean birth, compared to 4 women in the standard care group. This provided support that performing muscle strengthening exercises allowed women in the exercise group to complete a vaginal birth without complications. Further, because the groups were similar upon randomization, including activity levels and parity, this finding is particularly important. These findings are corroborated by previous research. Barakat et al. randomized 290 women into a control or exercise group (3, 40-45 minute resistance training sessions/week) [12] . In the exercise group, 22 (15.9%) of the women had cesarean births, as opposed to 35 (19.1%) women in the control group. In a study by Tinloy et al., 3006 women self-reported activity levels during pregnancy and those who exercised the most minutes (≥150) each week had the lowest number of cesarean births (p = .002) [13] . In a study by Hall and Kaufmann, 845 participants performed exercise sessions with aerobic training and weight lifting and found a lower incidence of cesarean sections between groups [14] . Most recently, a meta-analysis performed on 16 studies found that structured aerobic or resistance exercise programs performed during pregnancy decreased the risk of a cesarean birth by 15% [15] . Nevertheless, there are some studies that found no significant difference between groups and mode of birth [5, 11, 16] . While the findings on resistance training and mode of birth are contradictory, none of the studies found an increase in incidence of cesarean births in the exercise group. Therefore, the findings from the current study and previous research lead us to believe that resistance training during pregnancy can decrease the incidence of cesarean births, or at the very least not increase the incidence of cesarean births, which decreases recovery time for the mother after birth. This is a clinically relevant finding because a spontaneous vaginal birth is the preferred mode which leads to a shorter maternal recovery time, avoidance of surgical complications, and benefits to the fetus such as decreased respiratory issues.
Newborn Outcomes
When comparing newborn outcomes between the standard care and exercise groups, it was found that there were no statistically significant differences between newborn weight, length, and Apgar scores at one and 5 minutes. These findings supported the hypotheses. These data suggest that performing a resistance band-training program during the second and third trimesters of pregnancy is safe and leads to no adverse effects on fetal growth. Results from this study agree with findings from other studies showing no significant difference found between groups for newborn weight [3, 10, 17] and newborn length [10] . Two studies concluded that there were no significant difference between Apgar scores at one and 5 minutes, which corroborates the current data [3, 9] demonstrating no adverse effects on how the newborn handles the birthing process.
Limitations
The primary limitation of this pilot study was a small, homogeneous sample size. The demographic characteristics of the participants were similar to those in the area where the study was conducted, making the results less generalizable to different populations. While power was limited, mean values for muscle soreness were in the expected direction and no other research group has examined this variable to the authors' knowledge. Thus, replicating similar methodology with a larger sample size will be able to refute or corroborate the current findings. Another limitation was that the questions in the surveys were self-reported potentially leading to inaccuracies if there were errors when participants reported answers or if they perceived the questions (or pain or muscle soreness) differently. To counteract differences in perception of muscle soreness, a change score was calculated, thus the within-subject error was minimized. Lastly, as women progressed through the program, they felt they could perform the movements at a higher intensity than was possible with the Therabands® provided. We may have had statistically significant results if women had the opportunity to further increase the intensity of the resistance training program.
Strengths
This pilot study was a randomized controlled trial and was purposefully designed to limit the amount of intervention of the training program making it more practical. In other studies, a limitation was maintaining participant adherence [17, 18] . In the Haakstad and Bø study, sedentary women were asked to attend 2 out of the 3 60 minute fitness class offered each week for a minimum of 12 weeks [17] . Adherence was difficult as only 40% of participants attended 80% or more of the exercise sessions. Fieril et al. conducted a similar study to examine the effects from a supervised, self-rated moderate-tovigorous resistance exercise training during pregnancy. Of the 92 participants, 22% (n = 20) did not complete the intervention [18] . These findings suggest that adherence is a barrier to exercise programs with a large time commitment. Thus, the current resistance training program used limited intervention, making it easy to administer and implement into the daily lives of the participants. The overall adherence rate was >98% of all training sessions (approximately 45 total training sessions [3 sessions/week x 15 weeks]). Anecdotally, the women assigned to the exercise group were pleased with the program primarily because of the limited intervention. Consequently, utilizing a limited intervention increased the practicality for women and ensured it to be a versatile mode of exercise during pregnancy and accommodate individual lifestyles. Contacting the women each week kept the participants accountable for completing the sessions, ensuring they followed the protocol. Thus, the current study design was practical for both the investigators and participants. The one-on-one sessions provided a "personal training" aspect, creating accountability and allowing the women to build relationships as the pregnancy progressed. While the intensity of the program was a limitation, although not originally intended, using resistance bands made it cost efficient (approximately $5/ participant) which increased practicality.
Lastly, and perhaps most importantly, the exercise program kept women active during their second and third trimesters, when physical activity generally declines, especially during the third trimester of pregnancy [4] . As pregnancy progresses, mothers gain weight, shifting their center of gravity [19] making them more uncomfortable [18] , thus offering options, such as resistance bands, that would increase or maintain activity levels from prepregnancy and/or first and second trimesters is of the utmost importance as it is well documented the benefits of exercise during pregnancy far outweigh the risks [1] .
Conclusion
In conclusion, in this pilot study, it was found that a limited intervention resistance band training program performed 3 days/week over the second and third trimesters of pregnancy showed no change in maternal upper and lower muscle soreness; however, the mean values were in the expected direction. Of note, women who completed the resistance band training did have a higher percentage of vaginal births than women in the standard care group. Further, there were no adverse effects on other maternal, birth, and newborn outcomes demonstrating that this was a safe program to implement. Thus, while the sample size was small, these findings have clinical importance, even if they are not statistically significant due to limited power. Due to the practicality (i.e., limited intervention) and cost-effectiveness of resistance bands, this program can be a versatile mode of exercise during pregnancy and accommodate individual lifestyles which is important for implementation in a clinical setting. Lastly, additional research on a variety of resistance training methodologies during pregnancy (intensities, equipment, and progression) is needed to continue moving the field forward in establishing guidelines that are safe and effective for both the mother and fetus.
